The possibility was considered that the presence and magnitude of asymmetry of left ventricular (LV) contraction in patients with previous myocardial infarction (MI) could be determined from volume and dimensional characteristics of contraction derived independently from the frontal (AP) and lateral (LAT) views of biplane cineangiograms. Accordingly, regression analyses were determined from biplane cineangiograms in 18 patients without MI to compute enddiastolic (EDV) and end-systolic (ESV) volumes in the AP and LAT views (Vbiplane = 1.03Vcale AP -7.7 ml, r = 0.989, SEE = 8.7 ml; Vbiplane = 0.85Vcalc LAT + 5.9 ml, r= 0.99, SEE = 8.2 ml). Comparative measurements of EDV, stroke volume (SV), and ejection fraction (EF) in these patients were identical in AP and LAT films, with a small random error (EDVAP =136.7 13.0 ml; EDVLAT =136.7 13.4 ml; SEE for SV= 4-13.0 ml (+ 16%), SEE for EF = 0.03 (+ 5%). In 20 patients w.th MI EDVs calculated from AP and LAT films were also identical (189.9 18.1 ml and 184.2 17.1 ml, respectively). However, SV exhibited substantial variation between the two views (SVAP = 76.7 5.5 ml and SVLAT = 51.5 + 4.7 ml, P< 0.001), as did EF
tion, directly measured extent of LV minor circumferential shortening was comparable in AP and LAT films in patients without MI (5.15 + 0.50 em and 5.25 +0.47 cm, respectively), while in patients with MI these measurements differed significantly (4.74 + 0.41 cm and 2.73 + 0.31 cm, respectively; P < 0.001). It is concluded that a systematic error will result when estimates of SV and EF, as well as mean circumferential fiber shortening rate, are derived from single plane cineangiograms in patients with MI. Additional Indexing Words: Ventricular volume Single plane T HE ASSESSMENT of left ventricular performance in patients with coronary artery disease is based in most laboratories on the volume characteristics of ventricular contraction derived from single-plane cineangiograms. The accuracy of single plane volume measurements, particularly in the estimation of stroke volume and ejection fraction, depends on the assumption that ventricular contraction is symmetrical, so that calculated changes in dimensions of the cavity silhouette in the filming plane are representative of those in all planes. The possibility was considered that this condition might be violated in patients with previous myocardial infarCtion, in whom segmental rather than homogeneous disorders of contraction occur. Accordingly, the present study was undertaken to determine the presence and magnitude of asymmetry of ventricular contraction as estimated from comparative measurements of volume and cavity dimensions derived independently from the frontal and lateral films of biplane cineangiograms in patients with previous myocardial infarCtion.
Methods
Left ventricular volumes and dimensions were measured at the time of diagnostic cardiac catheterization in 18 patients without myocardial infarction and in 20 patients with one or more documented previous Circulation, Volume XLVIII, August 1973 myocardial infarctions by means of biplane cineangiograms exposed at 100 frames per sec in the frontal and lateral projections. During the cineangiogram, the moment of each radiographic exposure was recorded together with the ECG and systemic arterial pressure pulse to permit accurate time correlation of hemodynamic and angiographic events. End-diastole was identified by means of the time interval separating the onset of the Q wave in the ECG and the incisura preceding the rapid rise in the left ventricular (LV) pressure pulse recorded immediately prior to the cineangiogram. Endsystole was taken as the smallest ventricular silhouette during systole, and corresponding frames for endsystole were used in frontal and lateral projections in each patient. All measurements were made from beats originating from normal electrical depolarization. Film measurements were corrected for X-ray magnification and spherical distortion by filming a grid with 1 cm squares placed at the level of the center of mass of the ventricular chamber at tube-to-film distances in each projection corresponding to those used during the cineangiogram.
While a regression analysis has been determined to calculate LV volume from single plane films exposed in the frontal projection" 2, no method has been described previously to derive volume measurements in the lateral projection. Accordingly, biplane cineangiograms in 18 patients without myocardial infarction were selected to derive regression equations for calculation of volume independently from frontal and lateral ventricular silhouettes. Thirteen of these 18 patients exhibited a normal end-diastolic volume (EDV): two were studied because of mitral stenosis, and 11 had angina with normal ECG, normal left heart hemodynamics, and no angiographic evidence of a LV wall motion disorder to suggest myocardial infarction. The remaining five patients were included to account for the influence of higher levels of ED and end-systolic (ES) volume on the respective regression analyses; two had aortic regurgitation, and three had idiopathic myocardial disease with moderate to marked depression of LV performance.
Regression analyses were derived for the respective radiographic projections in the following manner: measurements of EDV and ESV were made from paired biplane films using the area-length method (V,true = 0.928 VBcalc -3.8 ml, where V = volume and B = biplane).3 Volume was then calculated independently from frontal and lateral films, respectively, at enddiastole and end systole by means of the equation
where CF = linear grid correction factor, A = planimetered area of the LV silhouette, and L = longest measured length. Regression analyses relating the calculated single plane volume to true volume, as estimated from paired biplane films, were then determined using the least squares method. The possibility was considered that a systematic error in estimation of stroke volume might result from lumping of ED and ES measurements in the respective radiographic projections. Accordingly, separate regres-Circulation, Volume XLVIII, August 1973 sion analyses were determined for end-diastole and endsystole in both frontal and lateral films. These analyses revealed the following relationships between biplane (B) and the respective frontal (AP) and lateral (LAT) single plane measurements: EDVB = 1.02 EDV,,-4.2 ml, r = 0.98, SEE = 11.5 ml; ESVB = 1.02 ESVAP-7.5 ml, r = 0.99, SEE = 4.2 ml; EDVB = 0.83 EDVLAT + 9.9 ml, r = 0.99, SEE = 9.2 ml; and ESVI = 0.94 ESV LAT + 0.4 ml, r = 0.98, SEE = 6.1 ml. When the ED and ES regression analyses in each view were subjected to statistical testing for differences in slope, y-intercept, and correlation coefficient, no difference of sufficient significance to indicate that ED and ES volume calculations should be treated independently was found. Therefore, ED and ES measurements were grouped together for each radiographic projection, and the following relations to true (biplane) volume were determined: VB = 1.03 VAP -7.7 ml, r = 0.989, SEE = 8.7 ml, and VB = 0.85 VLAT + 5.9 ml, r = 0.99, SEE=8.2 ml ( fig. 1 ).
These regression equations were then employed to compute EDV, ESV, stroke volume, and ejection fraction from frontal and lateral films independently in each of the 18 patients with symmetrical LV contraction, and in 20 patients with coronary artery disease and previous myocardial infarction documented by demonstration of a segmental wall motion disorder in the biplane LV cineangiogram, as well as by characteristic ECG and enzyme changes at the time of the acute episode and/or current diagnostic ECG abnormality. All patients with previous myocardial infarction underwent diagnostic cardiac catheterization because of disabling angina or cardiorespiratory symptoms.
Minor equatorial LV diameters were measured in all patients from ED and ES silhouettes in both frontal and lateral projections. This axis was constructed at the midpoint of and perpendicular to a long axis drawn from the midpoint of the aortic valve plane to the apex in the frontal view, and from the midpoint of the mitral valve plane to the apex in the lateral view4. Further documentation of significant asymmetry of LV contraction in patients with previous myocardial infarction was obtained by comparing the extent of shortening of the minor LV circumference, derived from direct measurements of silhouette diameter at end-diastole and end-systole in each view. In this group, the extent of circumferential shortening differed substantially in the AP and LAT films (4.74 ± 0.41 cm and 2.73 + 0.31 cm, respectively, P < 0.001). In contrast, in patients without myocardial infarction, measurements of circumferential shortening in AP and LAT films were identical (5.15 + 0.50 c-m and 5.25 ± 0.47 cm, respectively).
As illustrated in figure 5 (left), single plane volume measurements in the lateral projection resulted in a systematic and often substantial underestimation of EF, as compared with biplane measurements in patients with previous myocardial infarction (mean difference (-) 0.08, or 21%, P < 0.001). Nonetheless, in eight of nine patients in whom EFLAT was less than 0.30, EFbiplai4e was also markedly reduced (average 0.26), while in the remaining 11 patients in whom EFLAT exceeded 0.30, EFbiplane averaged 0.47. Conversely, EF was overestimated in AP volume estimates, as compared to biplane measurements in these patients (mean difference +0.06, or 16%, P <0.001) ( fig. 5 with previous myocardial infarction. The line of identity is indicated in each panel.
Discussion
While regression equations have been determined for calculation of LV volume from single plane frontal cineangiograms," 2 no volume method has been established for lateral films of this chamber. Accordingly, in order to compare volume character-istics of contraction in these separate views of biplane cineangiograms in patients with previous myocardial infarction (MI), regression analyses for the respective views were derived in patients with a variety of cardiac disorders other than MI, using the biplane volume estimate as the reference value.
It is apparent that measurements of EDV, SV, and EF determined using the respective single plane equations in these patients must be comparable, since the equations were derived from a common reference, i.e., the volume computed from the biplane films. Indeed, the validity of the comparative volume measurements is best demonstrated by the close correspondence of EDV measurements in the frontal and lateral views in the patients with MI. In addition, the close fit to identity of paired single plane measurements in patients without MI indicates that a very small random error occurred with this method. Finally, the close similarity of the equation derived for the frontal plane and those reported by other investigators1' 2 further supports the validity of the volume methods employed in the present study.
Figure 6
End-diastolic cineangiographic films exposed in the frontal (left panel) and lateral( right panel) projections are shown.
Circulaion, Volume XLVIII, August 1973
Measurements of EDV in patients with MI were virtually identical in frontal and lateral films. However, stroke volume and ejection fraction differed substantially between the two projections, indicating considerable asymmetry of ventricular contraction. In addition, direct measurements of the extent of change of the LV minor equatorial diameter in these patients were significantly different in the two projections, whereas in patients without MI these measurements were identical. It is of interest that stroke volume and ejection fraction were consistently lower in the lateral view as compared to the frontal plane measurements in patients with myocardial infarction. Indeed, marked reduction in EF in the lateral projection was found in many patients in whom this measurement in the frontal projection was normal or only slightly depressed. The consistent overestimation of the severity of the contraction disorder in the lateral view appears to be explained by the selective visualization of the anterior and diaphragmatic walls in this projection, the regions of LV myocardium most commonly involved in MI. In turn, this finding raises serious question regarding the validity of single plane angiographic measurements of LV SV, and EF, particularly in the right anterior oblique (RAO) projection in which the anterior and diaphragmatic free walls also are selectively visualized. In fact, the LV silhouette in the lateral view closely resembles that in the RAO projection (fig. 6 ), and the regression equation derived in the present study for calculation of volume in the lateral view (true volume = 0.85 calc volume LAT + 5.9 ml) is similar to that derived by Kennedy et al. for RAO angiograms (true volume = 0.81 calc volume RAO + 1.9 ml),2 in that both account for substantial overestimation at higher levels of volume, as compared to the frontal and biplane methods. On the other hand, while a significant directional error (avg 0.08, or 21%) occurred in estimation of EF in the lateral projection, and therefore might also be expected to occur in the RAO projection, it was observed that with only one exception did this measurement fail to reflect significant depression of LV performance as estimated from biplane measurements of EF.
It is concluded on the basis of these findings that while single plane cineangiograms can be employed reliably to characterize EDV in patients with previous MI, a systematic error in the estimation of SV, and thus EF, as well as in other indicators of LV performance such as the mean minor circumferential fiber shortening rate5 which are based on direct measurement of the extent of change in chamber dimensions during systole in one plane, will occur in any giveii radiographic projection in such patients.
